This study was designed to evaluate diagnostic value of C-reactive protein in determining of gestational diabetes mellitus. The present case-control study was conducted on 60 pregnant women with GDM (case group) and 120 women with normal pregnancy (control group) referred to Ayatollah Taleghani and mahdiyeh Hospitals. The serum level of qualitative and quantitative CRP was measured and diagnostic value of CRP was determined. In this study information form was completed by interview and sampling was performed by convenience method. Data were analyzed by SPSS-17 and significance level of p<0.05 was considered. Serum CRP value in GDM and control groups was 3/ 59±3/2 and 1/44±3/3 mg/liter, respectively. Regarding to cut-off of 2/2 mg/liter, sensitivity, specificity, positive predictive value and negative predictive value of quantitative CRP were 71%, 60%, 47% and 81%, respectively in diagnosis of GDM. The under curve area was 0/70. Sensitivity, specificity, positive predictive value and negative predictive value of qualitative CRP in diagnosis of GDM was calculated 33/3%, 98/3%, 90% and 74%, respectively. It seems that measuring CRP in pregnant women with GDM risk factors can be used as a simple, new and reliable method to screen gestational diabetes mellitus.
1
. Gestational diabetes is defined as carbohydrate intolerance, with its onset during pregnancy [ 1, 2, 3 . In the USA, GDM affects up to 10% of all pregnancies and, 5-10% of women with GDM are found to have type 2 diabetes mellitus 4, 5, 6, 7 . Approximately 50% of women diagnosed with this metabolic condition are expected to develop T2DM over 10-30 years 4 .The prevalence of gestational diabetes in Iran was reported 4.8% 8 . Despite having adverse consequences on the health of mother and fetus, GDM remains a neglected maternal health issue 9 . Gestational diabetes, a health threatening factor for mother and fetus, is responsible for a broad range of prenatal and neonatal complications, including fetal macrosomia, birth trauma, preterm rupture of membranes, chorioamnionitis, neonatal hypoglycemia, preterm delivery, respiratory distress syndrome, neonatal hyperbilirubinemia, future obesity and diabetes, and also maternal complications such as increased prevalence of hypertension, and increased need for caesarian section delivery 1, [10] [11] [12] . Gestational diabetes is associated with increased incidence of cardiovascular diseases and diabetes type II in future 1, 3, 7, [11] [12] [13] . Like diabetes type II, gestational diabetes is induced by insulin resistance and impaired insulin discharge or both 7, 13 . Insulin resistance (IR) is a metabolic state associated with increased risk of type 2 diabetes and cardiovascular disease through a variety of different molecular mechanisms. It is an inflammatory state characterized by elevated levels of cytokines such as high sensitivity C-reactive protein 14 . There is evidence that inflammation as a central feature in the development of Type 2 diabetes mellitus is associated with insulin resistance. Inflammation has been reported in GDM but the prognostic significance of this remains to be fully elucidated 15, 16 . Molecular basis of the relationship between infection and diabetes is associated with reaction of cytokines such as interleukin 6 and tumor necrosis factor (TNF). These inflammatory agents are insulin antagonists, which increase resistance to insulin and stimulate acute phase of inflammatory response 7, 17 . C-reactive protein (CRP) is an acute phase protein released by the liver after the onset of inflammation or tissue damage [18] [19] [20] [21] . C-reactive protein is an acute-phase reactant that, at subclinical elevations, is a marker for endothelial damage, cardiovascular disease, and obesity 22, 23 . Very small changes in CRP levels, detected with highly-sensitive assays, may also occur in association with metabolic stresses in the absence of acute or chronic inflammatory states as they have traditionally been viewed 20 . Recent studies have shown that people with increased C-reactive protein serum levels are exposed to risk of diabetes, hypertension, and cardiovascular diseases [24] [25] [26] . In pregnancy an increase in maternal CRP has been associated with a variety of pregnancy complications including early pregnancy loss, preterm delivery, preeclampsia, fetal growth restriction, premature rupture of the membranes and chorioamnionitis 18 . There is uncertainty as to the optimal approach for screening and diagnosis of gestational diabetes mellitus (GDM). The U.S. Preventive Services Task Force concluded that there was insufficient evidence upon which to make a recommendation regarding routine screening of all pregnant women 27 This study was conducted to determine C-reactive protein strength in detecting gestational diabetes in pregnant women presented to teaching medical centers affiliated to Shahid Beheshti University of Medical Sciences during 2011-2012.
MATERIALS AND METHODS
The study protocol (No. 90-1-86-7944-1) was approved by the Ethics Committee of Shahid Beheshti Medical University. In this case-control study, 180 pregnant women attending perinatal clinic, obstetrics department, endocrinology department, and endocrine clinic at teaching hospitals affiliated to Shahid Beheshti University of Medical Sciences (Mahdieh and Taleghani hospitals) were selected. Of the eligible participants, 60 were with gestational diabetes (case group), and 120 without gestational diabetes (control group).
An information form was used for data collection purposes that included two sections; first section: study inclusion and exclusion criteria, and second section: demographic details (age, education, occupation, and socio-economic status), obstetric history (number of pregnancies, abortions, parity, and type of previous deliveries, gestational age, first trimester height and weight, weight at sampling), results checklist, qualitative serum CRP level, quantitative serum CRP level, glucose screening test during 24-28 weeks, and GTT if GCT shows high blood sugar, and reported results of oral and dental examinations by the dentist in their files. GCT and GTT test results in their files were used to detect gestational diabetes. In this study, GCT>120 mg/dl was considered impaired. During gestational age 24-28 weeks glucose tolerance was tested by 75 grams of oral glucose, and fasting blood sugar was measured one and two hours after receiving glucose. Gestational diabetes was diagnosed if test results were impaired in at least one of the tests. Test results were described as fasting plasma glucose (FBS) ≥ 92 mg/dl, blood sugar one hour after receiving glucose ≥ 180 mg/dl, two hours after receiving glucose ≥ 153 mg/dl 28, 31 . All subjects were collected by an obstetrician. For scientific validation of CRP kit, CRP was measured using kits produced by Pars Azmon Company, and quantitative measurement of this marker was performed using auto-analyzer (Hitachi 902, Japan). Blood sugar was measured using glucose oxidase kits (Ideal Systems, Germany). Calibration method was used to ascertain reliability of kits. To determine serum CRP level, all tests were carried out at Shariat-Razavi Hospital laboratory by the same person, using the same device and the same method.
Content validity of data form and checklist were confirmed by faculty members of Shahid Beheshti University of Medical Sciences. Reliability of data form and checklist was determined using test-retest method (questions with 85% or more consistency were accepted). To decide reliability of test technician, concurrent observation method was used (KAPPA coefficient 0.9).
In this study, convenient sampling method was used, and in accordance with prevalence of gestational diabetes and errors á=0.05 and â=0.02, sample size was found 60 women in gestational diabetes group and 120 women in control group. Study subjects were aged 18-35 years, with gestational age 24-28 weeks based on the exact first day of their last menstruation or, their first trimester ultrasound result. Women with following conditions were excluded: diabetes in the first trimester of pregnancy, or before pregnancy or in previous pregnancies, known diseases, hypertension or preeclampsia in the current pregnancy and active infection (purulent, yellow, and smelly discharge, burning, itching, abdominal pain, fever, chills, and tooth infection) at the time of sampling, women with history of birth of neonates over 4000 grams, history of preeclampsia, or eclampsia or hypertension, or history of stillbirth, history of neonatal or fetal abnormality, history of diabetes and multiple abortions in previous pregnancies, history of smoking, alcohol and substance use before and during pregnancy, family history of diabetes type II in the first degree relative, history of seasonal allergies, history of polycystic ovary syndrome and hyperlipidemia, use of non-routine medication during pregnancy, use of antibiotics 2 weeks before sampling, and glucosuria in the first perinatal visit.
After explaining objectives and nature of the study, and obtaining informed consents of women that met study inclusion criteria (through completing the first section of data form), the second section was completed through interviews with 60 pregnant women with definite diagnosis of gestational diabetes (as the case group) and 120 pregnant women without gestational diabetes (as the control group). Blood samples were taken from subjects and centrifuged to determine serum CRP level. Qualitative and quantitative serum CRP levels were determined 48-72 hours after sampling at Shariat-Razavi Hospital laboratory by a laboratory technician. Qualitative measurement of CRP was performed using latex agglutination method with threshold of 6 mg/l reported as plus, and quantitative measurement of CRP was conducted using immunoturbidometric method with CRP kits with 0.02-40 mg/l threshold.
In this study, statistical software SPSS-16 was used for analysis of data. Confidence interval was considered 95%. All collected data were presented as charts and tables of frequency distribution, quantity and percentage. Descriptive statistics were used in tabulation of frequency. To assess differences between case and control groups, independent t-test was used for quantitative variables and chi-square for qualitative variables, and Mann-Whitney for ranked variables.
ROC curve was used to determine sensitivity and specificity of quantitative CRP test and quantitative serum CRP level threshold.
RESULTS
In this study, sampling was carried out during June-December 2011, and 180 subjects (60 as the case and 120 as the control groups), with similar demographic and obstetrics characteristics in both groups were selected. Statistical tests revealed insignificant differences between the two groups in terms of age, number of pregnancies, first trimester BMI, and oral and dental condition.
Most subjects in the case and the control groups were high school graduates (46.7% and 52.5% respectively), and the majority in the control (98.3%) and the case (96.7%) groups were housewives. Most subjects in the control (55.8%) and the case (45%) groups were nulliparous, and the majority in the control (64.2%) and the case (55%) were primiparous with no previous births at all. There were insignificant differences in demographic details between the two groups. Table 1 presents confounding variables of age, number of pregnancies, and dental health indicator (DMF) in both groups. Statistical tests showed similarity between groups in terms of the above variables. Qualitative serum CRP level was negative in the majority of study subjects in the case group (66.7%) and the control group (98.3%). Fewest subjects in the case and the control groups (1.7%) had qualitative CRP levels 3+ and 1+, respectively. Mann-Whitney test results revealed significant differences in qualitative serum CRP between the two groups (P<0.0005). Sensitivity, specificity, positive and negative predicting values of qualitative CRP test to predict gestational diabetes were estimated at 33.3%, 98.3%, 90%, and 74%, respectively.
The majority of study subjects in the case group (25%) had quantitative serum CRP level a little over 10, and in the control group less than 1 mg/l. Independent t-test showed significant differences in quantitative serum CRP level between the two groups (P<0.0005). Standard deviation of quantitative CRP in the case group was estimated at 3.59 (3.22) and in the control group 1.44 (3.32) mg/l. There were significant correlations between blood sugar level in glucose screening test with quantitative CRP and qualitative CRP, and between quantitative and qualitative CRP levels (P<0.0005).
Given the non-normal distribution of quantitative CRP according to KolmogorovSmirnov test, geometric mean was calculated. Using ROC curve (figure 1) and minimum and maximum values of quantitative CRP threshold (table 2) , appropriate quantitative CRP threshold for diagnosing gestational diabetes was found 2.2 mg/ l. The area under the curve was found 0.7, indicating acceptability of quantitative CRP test to predict gestational diabetes.
According to 2.2 mg/l threshold found using ROC curve, 43 women in the case group (71.7%) had positive results and 17 (28.3%) had negative results in quantitative serum CRP test.
Also, in the control group, 73 women (60.8%) were negative and 47 (39.2%) were positive in the above test (table 3) .
According to results in the above table, sensitivity, specificity, and positive and negative predicting value of quantitative serum CRP test with 2.2 mg/l threshold were found 71%, 60%, 47%, and 81%, respectively.
DISCUSSION
The present study revealed significant differences in qualitative and quantitative serum CRP levels between the case and the control groups (P<0.0005), and that diagnostics strength of quantitative serum CRP was acceptable.
Despite 4 decades of research, a general consensus has not been reached about optimal approach to screening for gestational diabetes. The important challenge is in the choice between general or elective screening, and also diagnostic threshold of GCT [1] . Cunningham et al. (2010) reported sensitivity and specificity of GCT test in screening for glucose with 140 mg/dl threshold were: 80% and 82-86% respectively, and with 130 mg/dl threshold, 90% and 75-80%, respectively. In a study by Pontamanopol & Takasacal (2008) [32] , sensitivity and specificity of GCT test in predicting gestational diabetes were found 60.8% and 75%, respectively, by determining threshold of 177 mg/ dl. These indices are intensely controlled by gestational diabetes risk factors, which highlight the issue of elective screening. Furthermore, due to different values of diagnostic glucose plasma threshold found in different studies, sensitivity and specificity of GCT test is still controversial among researchers.
In several recent studies, fasting plasma glucose (FPG) has been examined as a glucose screening method. Sensitivity and specificity of FPG test in diagnosing gestational diabetes were found 63.89% and 76.56% by Mirfazi et al. diabetes, which shows acceptability of FPG test in diagnosing gestational diabetes in high-risk populations. In the present study, subjects had none of the gestational diabetes risk factors, which is indicative of higher strength of present study results.
In a study by Syngelaki et al was reported in pregnancies that develop GDM there is no evidence of an inflammatory response at 11-13 weeks' gestation and the levels of serum TNF-á and Hs-CRP are not useful in first-trimester screening for GDM [15] . In the other study by Corcoran et al however, higher levels of CRP were found to be significantly associated with macrosomia but hS-CRP did not demonstrate additional predictive ability for GDM [37] . In the present study, sensitivity and specificity of CRP test were found 33.3% and 98.3%, respectively, which shows that, despite acceptable attributes, qualitative CRP test has unacceptable sensitivity in predicting gestational diabetes. Positive and negative predicting values of qualitative CRP test in predicting gestational diabetes were estimated at 90% and 74%, respectively. Moreover, in this study, sensitivity and specificity of positive and negative predicting value of quantitative CRP test with 2.2 mg/l threshold to predict gestational diabetes were 71%, 60%, 47% and 81%, respectively, without considering any gestational diabetes risk factors, which is indicative of acceptable diagnostic strength. Area under the curve was found 0.7. If gestational diabetes risk factors such as obesity, age, multiparity, history of gestational diabetes, and relevant obstetric history exist, diagnostic strength of this test in diagnosing gestational diabetes will increase, which requires further and more comprehensive and cohort studies.
Given the results obtained and comparison of the two assessment methods of qualitative serum CRP using CRP kits and latex agglutination method at threshold of 6 mg/l, and quantitative serum CRP test using immunoturbidometric method at threshold of 2.2 mg/l, it was shown that using CRP kits had sensitivity of 33.3% and specificity of 98.3%. In this study, sensitivity and specificity of quantitative serum CRP test was found acceptable (71% and 60%, respectively), and area under curve was found 0.7, which indicates that quantitative CRP test is acceptable in predicting gestational diabetes.
Finally, following further and more comprehensive studies to assess diagnostic strength of serum CRP in pregnant women at risk of gestational diabetes, use of CRP test can be considered in pregnant women qualified for gestational diabetes risk factors, as a new, fast and reliable screening test.
